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ABSTRACT

This study investigated effect of moisture content the lime stabilized lateritic soil in Oyo-Wesbdal
Government, South-Western Area, Nigeria to deteenthe suitability and lime stabilization requirerteenf selected

lateritic soil samples as pavement constructiorenedt

The soil samples material were collected from therdw pits within the area and subjected to lalmwsatests
such as California Bearing Ratio Test (CBR), Urtwd Compressive Strength (UCS), compaction tatterberg’s
Limit Test and sieve analysis in accordance with British Standard BS1377 (1990) while the stahilon test were
performed in accordance with BS1924(1990).

The grain-size analysis showed the percentage $ieve00 of 41.4%, this indicates low clay contsample.
The liquid limit and Plastic Index values rangenfr®.5 and 70% and 3 and 32% respectively. AlsoMagimum Dry
Density (MDD) ranges from 1.78 and 2.10 gfcamd Optimum Moisture Content (OMC) 9 and 18%. Bhaked and
unsoaked CBR values ranges from 30 and 50% an#héZ@%. The Unconfined Compressive Strength (U@&)eased
from 146.75 and 605.75kN/for the lime-stabilized soil.

In conclusion samples with lime additive cured €ays with water absorption rate reduced from $1®
50.41% under the same condition. The lime treatnoénateritic soils is however a remedial measwenprove the

strength of soil material for road construction ksn water-logged areas.
KEYWORDS: Moisture Content, Lateritic Soil and Stabilization

INTRODUCTION

One of the major reasons for structural failuretipalarly in pavement design is the non-availapilif
generalized relevant data of the particular sailived in the area of construction. Various caskesinder design of
pavement strength have been recorded lately dassi@mptions on sub-grade properties involved aridhwiesulted into
early failure. To give a cost-effective pavemenigt be constructed over good sub-grade mateflsrefore this will

remove early failure such as; portholes, ravelaigving, rutting and so on.

However, pavements that will perform well can adgly designed for and constructed over very pabrgrade
materials that have little or no compaction throumgiprovement on the thickness of the overlayingerials (sub-base,

base course) and or stabilization process (Os@gil)1
Soil Stabilization

For many years, various forms of materials inclgdimoducts with varying degrees of purity have betlived

successfully as soil stabilizing agents. Howevgdrated high calcium lime Ca(O§)Monohydrated Dolomitic Lime Ca
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(OH),, MgO, calcitic quicklime CaO. MgO are most freqtigrused (Pery, 2005). Although lime hydrates domtenthe
US market, quicklime use has increase over the p@syears and currently accounts for 25 percentshef total
stabilization lime on an annual basis. Many sigaifit engineering properties of soils are beneficrabdified by the soll
treatment. Although lime is primarily utilized teetit fine-grained soils, it can also be used toifpade characteristics of
the fine traction of more granular soils. Soil treant can expedite construction, modify sub-gragiés,sand improve
strength and durability of fine-grained soils. dted soils have been used as modified sub-gratiehase materials, and
base materials in pavement construction. The locadf the treated layer in the pavement systenictsitgéd by strength,
durability, and other design criteria. Railroad gwhdes have also been successfully stabilized ifferent materials
(Dallas et al, 2008).

Mechanisms of Lime-Stabilization

According to Mustapha, (2005) and Lovetoknow (200&pil-Lime reactions are complex; however,
understanding of the chemistry involved and resaftdield experience are sufficient to provide dgsiguidelines for
successful lime treatment of a range of soils. isained (and relatively slow) pozzolanic reacbetween lime and soll
silica and soil alumina (released in the high-PHimmment) is key to effective and durable stahilian in lime-soil
mixtures. Mixture design procedures that securg tbaction must be adopted. In addition to stabdiznaterials, lime
plays an increasing role in the reclamation of rbades. Lime has been used effectively to upgradeotaim not only
clay soils, but also clay-contaminated aggregas=®and even calcareous bases that have little appreciable day.
Work in the United States, South Africa, and Frahae established the benefits of lime stabilizatibealcareous bases

into rigid systems that could be susceptible tekireg and shrinkage.(Ogunsanwo, 1988 and 1989).
Mixture Design, Pavement Design, and Performance @siderations of Lime Stabilization

Design of Lime-stabilized mixtures is usually bases laboratory analysis of desired engineering erigs.
Several approaches to mix design currently existaddition to engineering design criteria, userstnmonsider whether
the laboratory procedures used adequately simdiaté conditions and long-term performance. Aspeofsthese
procedures are likely to be superceded as the AarerAssociation of State Highway and Transportatidficials
(AASHTO) shifts to a mechanistic-empirical appreacaboratory testing procedures include deterngiptimum lime
requirements and moisture content, preparing sanmead curing the samples under simulated fieldditioms.
(Little, 1995, Smith, 1991).

Curing is important for chemically stabilized sadlsd aggregates-particularly lime-stabilized sbdsause lime-
soils reactions are time and temperature deperhehtontinue for long periods of time (even yedPggzolanic reactions
are slower than cement-hydration reactions andreault in construction and performance benefit¢hsas extended
mixing times in heavy clays (more intimate mixirg)d autogenous healing of moderately damaged lageen after
years of service. On the other hand, longer reastmay mean that traffic delays are associatdu wging the pavement.
In addition, protocols for lime-soil mixture desigmust address the impact of moisture on performarioge stabilization
construction is relatively straight forward. In-péamixing (to the appropriate depth) is usually Eyed to add the proper
amount of lime to a soil, mixed to an appropria¢gptti. Pulverization and mixing are used to comlireelime and soil
thoroughly. For heavy clays, preliminary mixing nmag/ followed by 24 to 28 hours (or more) of moistieg prior to final

mixing. This ability to “mellow” the soil for extated periods and then remix is unique to lime. Dgithis process, a more
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intimate mixing of the lime and the heavy clay asguresulting in more complete stabilization. Foaximum
development of strength and durability, proper rmgiris also important. Other methods of lime stabtibn include in-

plant mixing and pressure injection. (National Likgsociation, 2004).
MATERIALS AND METHODS

Lateritic soil samples were collected at ten lmeet (10) within the study area and were subjettetthe following

laboratory tests.
California Bearing Ratio (CBR) Test

This test would be carried out based on the optinmooisture content and maximum dry density of thiéssso

deduced from the dynamic compaction process.
Unconfined Compressive Strength Test (UCS)

The shear strength of the soil samples were detexdnby Unconfined Compressive Strength Test (UQS).
depends on the MDD and OMC of both the lateritit @od lime-stabilized lateritic soil.

Atterberg’s Limit Test

This test consists of two basic tests i.e. Liquichit (LL) and Plastic Limit (PL). Where LL is desbed as the
water content at which soil possesses an arbifraeg small amount of shear strength and it is waer content that
represents the boundary between the liquid andiplstate of soil. And PL Is the moisture contenivhich a thread of the
soil sample (abt. 3mm diameter) begins to ruptureramble when it is being tried to be moulded.sktity Index =
Liquid Limit — Plastic Limit (PL = LL — PL)

Compaction Test (BS Proctor)

Compaction test used to determine the optimum-mi@stontent (OMC) and maximum dry-density (MDD) of

the soil sample.
Sieve Analysis
This test was determined by carrying sieve anatgsisow the grain sizes and classified soil type.

RESULTS
California Bearing Ratio (CBR)

Tablel shows the summary of the CBR test resuitbdth soaked and unsoaked (CBR) conditions. \fafae
all the samples increased with an increase inithe percentage but dropped after optimum lime atnteas reached.
This further corroborates the result obtained i@ dompaction test. The results showed that the @&8Res for the
unsoaked condition of the stabilized soils redwafésr soaking as a result of the absorption of matach weakened the
soil. The difference between the soaked and unsb@BR value can be associated with the PI of thbil&ted soils at the
respective lime contents which determines theirllspagential, the higher the PI, the higher thefefiénce between the
unsoaked and soaked value. The following unsoakedsoaked CBR value increased from 63.82 and 48.6%, 53.70
and 39.50 at 12%; 58.00 and 44.89 at 15% then %in@840.41 at 18% lime content respectively.
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It can be observed that in their unstabilized sthte difference between the unsoaked and soaké&lv@Ries of
the soil is quite large compared to the valuehéirtlime stabilized conditions, this is becauséhieir natural states water
could still percolate into the interstitial spacafsthe soil thereby weakening them. However, thisaduced in their
optimum-lime stabilized state as it has effectiiebnded the soil particles to form a closely packebs that results the

ingress of water.

The result obtained shows that the strength ofsiltegrade in term of load bearing capacity for theksd
condition is between 30.83 and 50.41% for 48hre 3taked CBR ranges from 6, 4, 12, 7, 8, and 2&&u@table and
normal for the subgrade material in accordance thighspecification of the Federal Ministry of Woukksd Housing which
specify 3-10% maximum for subgrade materials wttike value 50.41 at 18% lime exhibit the highestrggth value of
soaked CBR. The unsoaked CBR between 51.94 andand%6 lime 0-70% merit the standard. Accordinghe Federal
Ministry of Works and Housing. However, it can bated that the CBR value of 51.94 and 50.41 at 1i&% Is extremely

low compared to other value at their percentadgssuhstable behaviour in the liquid limit states.

Table 1: Result of California Bearing Ratio (CBR) Result Relatively to Percentage (%) Lime Additive

(0-28)

% UNSOAKED CONDITION SOAKED CONDITION
LIME — ADDITIVE (CBR %) (CBR %)
0 61.14 30.28
3 68.12 31.91
6 63.82 48.14
9 57.33 35.96
12 53.70 39.50
15 58.00 44.89
18 51.94 50.41
21 67.25 37.63
24 52.45 30.83
28 70.30 42.73

Unconfined Compressive Strenght (UCS)

The Unconfined Compressive Strength determinestiieagth of the soil sample. The testing strendthe soil
improves by increasing the percentage of lime adgithat is, an increase in lime ratio, the sttbraf lateritic soil tends
to improve. Therefore, from the Table 2, the additbf lime to be the lateritic soils improves tliesgth by increasing the
UCS from 146.75N/mto 605.75N/m for BS energy standard proctor curbed with polyiethe for 6 days. It was observed

that an addition of lime create an enhancemerttarstrength. Therefore lime additive/stabilizeramtes the strength of a

lateritic soil.
Table 2: Results of Unconfined Compressive Strengthf Lime-Stabilized Lateritic Soil
Axial
Lime Strain : . :
Additive Dial Axial Load(z;al Reading
(%) Reading
(mm)
A B C D E F G H J
0 20 6 7 8 9 10 11 12 14 16 19
3 40 20 25 28 22 29 24 24 27 36 2
6 60 39 39 39 35 42 38 32 A( 49 46
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Table 2: Contd.,
9 80 43 46 46 41 58 52 49 59 54 66
12 100 56 58 58 54 77 83 58 99 54 98
15 120 70 76 76 73 84 142 72 128 68 136
18 140 81 84 84 85 95 230 88 354 8b 239
21 160 86 115 87 92 120 308 99 229 138 306
24 180 85 130 96 92 69 288 130 320 197 3R0
28 200 84 95 94 99 115 274 169 275 270 208
31 220 79 80 89 89 60 266 210 284 95 276
34 240 68 68 66 74 105 250 150 280 120 265
146 | 221.6 | 166.2 | 170 | 204.9 605. | 459.5 | 554.2
UcCs 75 7 8 20 6 526.07 | 362.95 75 5 7
Table 2: Cont'd
%Lime Additive Bulk Density | Dry Density | UCS (N/nf) | Shear Strength

0 1.73 1.60 146.75 73.36

3 1.54 1.41 221.67 110.835

6 1.54 1.41 166.28 83.14

9 1.83 1.65 170.20 85.10

12 1.97 1.67 204.96 102.48

15 1.85 1.64 526.07 263.04

18 1.55 1.34 362.95 362.95

21 1.77 1.50 605.75 302.88

24 1.83 1.63 459.55 459.55

28 1.95 1.73 554.27 277.14

Atterberge’s Limit Test

The Table 3 illustrates the summary of the liquidits (LL) result of the soils at the required pamtage lime

from 0, 3, 6, 9, 12, 15, 18, 21, 24 and 28% and tl@ues ranges from 38, 7, 18, 17, 5, 10, 31,380and 7 respectively

and also Plastic Index (PI) of 0%(11), 3%(10.5),(8012%(3.5), 15%(4), 18%(14), 21%(15.5), 24%(aay 28%(3)
respectively. The addition of lime to the soil sénproduces a corresponding increase in the Lidumdit (LL) and

Plastic Limit (PL) of the soil, this causing a deasse in its Pl especially in 0, 9, 18, 21, and %me order with their

corresponding values. And another category redtfexrehtly by the decrease in its PL. The additmfnime to sample

caused a decrease in their swell potentials. Tthecteon in the swell potential is as a result ¢f ttation exchange which

occurs when Cdions from the lime replace weaker cation in thé, sbereby causing a better sealing of the voidshisy

agglomeration of the particles and this has a peséffect on the soils strength properties.

Table 3: Summary of Atterberg Limits (for Lime 0-28 %)

:{E’ilali?\/ee Moisture Content (%) No of Blows Avg:_age Average LL | Average PI
0 4510| 51.16/ 5653 32 21 17 38.00 49.0 11.0
3 8.77 15.38| 12.06 34 24 1b 7.00 12.0 5.0
6 22.22| 2955 3770 33 24 1b 18.0Q 28.5 10.5
9 21.84| 26.13| 28.14 3( 28 1b 17.0Q 24.0 7.0
12 7.69 12,50 1954 28 1y 1P 6.00 9.5 3.5
15 9.56 8.42 13.40 27 11 1b 10.00 13.5 4.0
18 39.13| 44.44| 50.00 38 22 11 31.0¢ 45.0 14
21 30.68| 36.36| 39.18 32 24 18 20.0¢ 35.5 15.5
24 66.66 | 69.23 76.0 34 28 1B 38.00 70.0 32.0
28 9.30 12.20| 1429 27 18 1P 7.00 10.0 3.0
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Compaction Test at BS Standard

The summary of the compaction test result as pteden Table 4, dry density (MDD) vary between 18l
2.1g/cni and optimum moisture content (OMC) ranges betw&and 18%. From the observation the (OMC) of thé so
sample increases with increase in lime contents Tain be linked with the additional water needecenable the

Pozzolanic soil lime reactions necessary for thbibtation process.

MDD increased as the percentage of lime increaseah toptimum value after which it falls. The maximualue

represents the optimum percentage of lime requdestabilization.

The increase in MDD was as a result of increasimg Iparticles that were ready to perform the exgbaof
cations with the soil particles, thus filling-upigle spaces and densely packing the soil partidgsther. However, the
drop in density resulted from the excess water land remaining after the increasing quantity hasrbased up for a
stabilization process. For OMC increases from 9d81%% to 16.0% at 7% with a corresponding incréeasdDD from
1.92g/cni to 1.14g/cm at 9% lime content, and at the same time OMC as®e from 10.0% and 1.97g/tat 15% to
12.6% and 2.05g/cfrat 24% and the other one which increases fromoa&fad 1.78g/crhto 14.0% and 1.92g/chat O

and 3% respectively. These can thus be statedhnbse are the optimum percentages of lime foralesample.

Table 4;: Compaction Test Result Based on Percentagef Lime Additive

Lime
Additive 0% | 3% | 6%| 9%]| 12%| 15% | 18% | 21% | 24% | 28%
(%)
161 | 1.80| 1.69| 1.79] 1.68 1.7 1.76 165 171 1/84
Dry Density | 1.81 | 1.98 | 203| 201] 192 197 195 178 185 2/09
glen® 194 | 192 | 205| 185 128 182 174 183 172 1)96
149 | 167 | 1.76| 157 168 159 167 143 1.67 154
. 545 | 576 | 809| 6.84 58] 88/ 794 13085 6.0 621
'\é%'rsl:g;f 10.34 | 12.10| 5.07| 1257 1410 1092 1082 1802 711.89.31
) 1593 | 16.00] 8.86| 14.09 17.29 20.8 1984 24|23 12.0@.21
24.08 | 21.40| 1843 19.10 2058 27,7 2185 2893 O017.126.53

Sieve Analysis

According to the specification speculated by thedfal Ministry of Works and Housing in Nigeria (FMWV/
1997) for the grain size distribution of particléiswas stated that the percentage passing BS 8lev@00 should not be
greater than 35% and the sample 23.4% merit tmelatd. from the Table 5, the result obtained shihvatsthe soil sample
fall within the range of A4 — A7 according to ASSBTlassification system, that is, they are faipoor soils.

Table 5: Result of Sieve Analysis Relatively to thOrder of Percentage Lime-Additive

Lime Sj Sieve Empty Sieve Mass Percentage CUmmEETE Percentag

" ieve Sieve : ; . Percentage .
Additive Size Sample Mass Dia Retained Retained Retained e Passing

(%) Mass(G) ©) (mm) G) (%) (%) (%)
0 ¥ inch 480.65 480.65 20.00( 0 0.0 0.0 100.0
3 5/6 inch 566.08 464.08 8.000 102 20.4 20.4 79.6
6 No. 5 501.75 437.75 4.000 64 12.8 33.2 66.8
9 No. 10 456.20 412.20 2.000 44 8.8 42.0 58.(
12 No. 18 441.10 386.10 1.000 55 11.0 53.0 47.0
15 No. 40 374.92 336.92 0.425 38 7.6 60.6 39.4
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Table 5: Contd.,

18 No. 60 365.60 315.60 0.250 50 10.0 70.6 29.4
21 No. 120 320.50 295.50 0.125 23 4.6 75.2 24.8
24 No. 200 295.05 288.05 0.075 7 1.4 76.6 23.4
28 No. 200 <0.075 117 23.4 100.0 0.0
Table 6: Physical Properties of Soil Sample
) Lime |10 Ligua | Prastc | Prsticty| MDD |oMC| RS RS | (| p B | UGS | Shear |G Remarka
Additive 2001§s Limit (LL)|Limit (PL)| Index (PI) () | o e, e (ed) (N/m?) | Strength ion
0 234 49 38 11 1.78 18 60.14 30.28 1.73 1.6 146.75 73.36 A4-A7 | Fair poor
3 12 7 5 1.92 12 68.12 31.91 1.54 141 221.67 110.835
6 28.5 18 10.5 1.92 14 63.82 48.14 1.54 1.41 166.28 83.14
9 24 17 7 1.94 16 51.33 35.96 1.83 1.65 170.2 85.1
12 9.5 6 335 1.95 | 103 53.7 395 1.97 1.67 204.96 102.48
15 135 10 4 1.97 10 58 44.89 1.85 1.64 526.07 263.04
18 45 31 14 1.98 12 51.94 50.41 1.55 1.34 362.95 362.95
21 35.5 20 15.5 2.01 | 126 67.25 37.63 1.77 1.5 605.75 302.88
24 70 38 32 2.05 9 52.46 30.83 1.83 1.63 459.55 459.55
28 10 7 3 21 9 70.3 42.13 1.95 1.73 554.27 277.14

CONCLUSIONS

The laboratory test that was carried out on the{gtabilized latritic soil are determined for thétable of road

construction works as regards the Federal MinistiWyorks and Housing (FMWH, 1997) standards.

The study revealed that the presence of moistunéenbreduces the strength of lateritic soil. Oa ¢ither hand

the addition of lime to the lateritic soils genérakduces the soils plasticity and water absorptiapability which led to

the improvement on the strength characteristidatefitic soil oven in the presence of moisture.

However, the study on the effect of moisture conhtenthe lime-stabilized lateritic soil using th& Bompactive

efforts was achieved and showed that the strerfdttaritic soil increases with addition of lime stabilizer.

Conclusively, the addition of lime modifies and anbes the properties of lateritic soils.

REFERENCES

1. BS1924 (1990). Methods of testing for stabilizetiss®ritish Standards Institute, London 1990.

2. BS1377, (1990). Methods of testing for stabilizedssfor Civil Engineering purposes. British StandInstitute

London.

3. Dallas, N.L., Eric, H.M., Jan, R.P, and Barr, 2248). “Cementitious stabilization” Retrieved Marth, 2008

4. Federal Ministry of Works, (1997). Nigeria Spedifion Road and Bridge Works, Federal Government of

Nigeria Lagos, Nigeria, 1970.

5. Lovetoknow, K (2006). “Laterite retrieved Jan. 2809, fromhttp://www.1991encyclopedia.org/laterite

6. Little, Dallas, N. (1995). Stabilization of Pavemesubgrades and Base courses with limes. Kendait/Hu

Publishing Company, Dubuque, lowa.

Impact Factor(JCC): 1.9586 - This article can be denloaded from www.impactjournals.us




J.A. Ige & S.0. Ajamu |

10.

11.

12.

13.

Mustapha, M.A. (2005). Effect of Bagasse Ash on eeinStabilized Laterites. Seminar paper presemtetia
Department of Civil Engineering Ahmadu Bello Unisity, Zaria, Nigeria, 2005.

National Lime Association (2004). Lime Treated S@ibnstruction Manual, Lime Stabilization & Lime

Modification.

Ogunsanwo, O (1989). CBR and shear strength of aotaed laterite soil from southwestern Nigeria” Qedy

journal of Engineering Geology, London Vol. 22, Bh7-328.

Ogunsanwo, O. (1988). “Basic geotechnical propgritbemistry and mineralogy of some laterite dodesn SW

Nigeria” Bulletin of the Inter Assoc. of Enginee@gology, No 39, Paris PP. 131.
Osula, D.O.A., (1991). Lime modification of probleitaterites, Eng. Geol, 20, P. 141-149.

Petry, Tom, (2005). The effect of organic contentlime Treatment of Highly Expensive Clay, proceei of
the 2 international symposium of treatment and recycbfignaterials for Transport Infrastructure, Pafiance,
24-26 October, (2005).

Smith, M.J. (1991). Soil Mechanic “Singapore Longrha

Index Copernicus Value: 3.0 - Articles can be sernb editor@impactjournals.us




